An intermittent Josephson effect in the form of voltage and temperature oscillations in the voltage -current curves near 2 K is observed in pellets consisting of superconducting TaC nanocapsules coated with graphite. This phenomenon is attributed to non-equilibrium conditions, when Cooper pairs across a junction, which stimulate the emission of photons and the feedback temperature change of the junction. It occurs in a three-dimensional granular framework composed of TaC/carbon/TaC tunneling junctions with a Mott metal-insulator transition, below the critical temperature Tc of non-ideal type-II superconductor TaC.
The Josephson tunneling effect in superconductors is one of the most important quantum effects [1] [2] [3] . Nanocapsules (or core-shell nanostructures) have already revealed abundant new physics and potential applications [4, 5] . Superconducting nanocapsules consisting of superconductors (of any type) as core and normal (i.e. non-superconducting) materials as shells are particularly interesting in terms of the fabrication of junctions. The behavior of tunneling supercurrents in Josephson junctions may be very unlike ordinary experience. For instance, Josephson predicted non-equilibrium properties of coupled superconductors [2] , such as the occurrence of dc supercurrents (i.e. the transfer of Cooper pairs across the barrier), provided the potential difference is such that energy can be conserved by absorption or stimulated emission of a photon (or multiphoton). Intermittent-type chaos occurring in rf-and dc-current-driven Josephson junctions was also investigated [6] [7] [8] [9] [10] .
It is particularly important to detect the transformation between Cooper pairs and electrons during nonequilibrium processes in Josephson junctions. These inspire us to fabricate Josephson junctions using carboncoated TaC nanocapsules and to investigate their superconductive characteristics related to the junction tunneling effect. It is expected that a collective variant of the single-electron tunneling and/or supercurrent effects may take place in a three-dimensional framework of granular superconductors with tunneling junctions [11] [12] [13] . Although there have been many studies on intermittenttype Josephson effect [6] [7] [8] [9] [10] , up to our knowledge, there has been no report on intermittent Josephson effects with feed-back temperature change on materials. In this Letter, we report the structure and electric, magnetic, and superconducting properties of TaC(C) nanocapsules. Near 2 K, voltage and temperature oscillations are observed in the current-voltage curves, which are attributed to that electron pairs intermittently tunneling through the Josephson non-zero voltage junctions emit photons [2] . At low temperature, the superconductive currents first take place in the junctions. emitting photons, arising temperature and resistance, and then the superconductive currents decrease (or stop), decreasing the Cooper pairs and the temperature until the next cycle (the supercurrents take place again at temperature low enough). There is a feedback of the temperature change and the voltage -current function of the junctions. The combination effect of the superconductor TaC and the Mott metal-insulator transition of graphite are likely responsible for the oscillations.
The carbon-coated TaC nanocapsules studied in this work have been fabricated via an arc discharge process in ethanol vapor and argon atmosphere. The details of this method have been described elsewhere [11] [12] [13] . A piece of pure Ta metal and a graphite rod were used as anode and cathode, respectively. The phase and structure of the TaC(C) nanocapsules were investigated by X-ray diffraction (XRD) using Cu-K α (λ = 0.15405 nm) radiation. The particle size was analyzed by high-resolution transmission electron microscopy (TEM). The transport and magnetic properties were measured in a Quantum Design superconducting quantum interference device (SQUID) magnetometer, with maximum temperature tolerance of less than 5 mK below 5 K. The relative error of the temperature and voltage data is less than 0.1%. For the resistivity measurements, as-prepared TaC(C) nanocapsules were pressed into pellets under 1.2 GPa. I-V curves were measured with a Keithley 2400 Source Meter and a Keithley 2182 Nanovoltmeter. The temperature dependence of the resistivity and the I-V curves were measured using the SQUID in the sweep mode.
The TEM image in Fig. 1 shows the core/shell structure of the TaC(C) nanocapsules. The crystal plane spac- The temperature dependence of the zero-field-cooled (ZFC) and field-cooled (FC) magnetization of TaC(C) nanocapsules, measured in a magnetic field of 50 Oe, which is lower than the first critical field, is presented in Fig. 2 . The ZFC curve shows a clear superconductive transition temperature T c of 10.2 K from paramagnetism to diamagnetism, at the point where the TaC cores become superconducting. The FC curve initially exhibits Pauli paramagnetism and indicates strong magnetic vortex pinning features. The inset in Fig. 2 shows the magnetic hysteresis loop at 2 K, which is asymmetric because TaC(C) is a non-ideal type-II superconductor with T c = 10.2 K [14] [15] [16] [17] , and there is in the magnetic fields from 0 Oe to 1000 Oe, and then to -1000 Oe to 1000 Oe. On the initial magnetization curve, at the initial critical field H ic = 250 Oe, the negative magnetization begins to increase. On the loop, at H = 100 Oe, the magnetization begins to shift. H c1 = 100 Oe is the lower critical field, and H c2 ≈920 Oe is the upper critical field, showing that the superconductivity of the TaC(C) nanocapsules is typical of a non-ideal type-II superconductor, for which the magnetization process is irreversible. For ideal type-II superconductors, the remanent magnetization at H c2 is zero, and the magnetic flux lattice is symmetric [17] . For the TaC(C) nanocapsule conductor in the first quadrant for H = 920 Oe, M Hc2 is not zero, but approximately 0.01 emu/g. (H is from 1000 Oe to 920 Oe.) The magnetic hysteresis loop changes with the magnetic field, and the magnetic flux lattice is not symmetrical in the TaC(C) nanocapsules. For the upper critical field, the higher the magnetic-field range, the higher the M Hc2 is. It trends toward a limiting value which is smaller than the remanent magnetization. This property is useful for obtaining a high critical current density in superconductors [18] . Graphite is a semiconductor with zero activation energy at zero temperature [19] and a Mott insulator with a metal-insulator transition [20, 21] . Figure 3 presents the temperature dependence of the resistivity (ρ) measured at zero field at a current of 100 nA by means of the four-probe dc method. The ρ-T curve shows a metal-insulator transition, which can be ascribed to the graphite shells of the TaC nanocapsules. Above 2.8 K, the resistivity is semiconductor-like, and below 2.8 K, it is metallic and precipitous decreased. At 2 K the resistivity of the nanocapsules has reached zero, which means that the TaC nanocrystals are in the superconducting state. The right inset shows a magnification of the behavior of ρ near 2 K. The left inset of Fig. 3 shows a plot of ρ on a logarithmic scale against T −1/4 . It illustrates that the resistivity is that of a Mott insulator, which is similar to what has been reported for NbC(C)-C [11] , carbon-coated Sn nanoparticles [12] , and Mo carbide nanoparticles embedded in a carbon matrix [13] . This explains the electrical-conduction mechanism of the TaC(C) nanocapsule composite, which contains an intrinsic framework of nanocrystalline TaC and graphite. The main process in the resistivity is a Mott metal-insulator transition [20, 21] . Figure 4 shows V-I curves that were subsequently measured at 11, 9, 7, 5, 3, and 2 K by means of the two-probe dc method (foil: length 3.34 mm; width, 1.88 mm; thickness, 0.06 mm) in the current range from 300 µA to 0 µA, with decreasing steps of 2.5 µA. During the measurement process the time from 300 µA to 0 µA was 1800 s. The top scale of time(s) corresponds to the time for every curve measurement. At 11 K, which is above T c , the V-I curve follows Ohmic behavior, with V/I = R = constant. Below T c , single-electron tunneling takes place with conductance close to 4e 2 /h. Comparing the curves at 9 K, 7 K, 5 K, and 3 K, the voltage increases with decreasing temperature, and the curves gradually become curved, indicating that the conduction mechanism starts deviating from Ohm's law.
In Fig. 3 , on the ρ-T curve, from 10 K to 3 K, the higher the temperature, the higher ρ is, which corresponds to what is shown in Fig. 4 that the lower the temperature, the higher the voltage is. Very interestingly, at 2 K, the voltage exhibits oscillatory behavior as a function of current, which can not arise from Ohmic current and single-electron tunneling.
During measurement in the sweep mode at 2 K, the temperature of the sample was observed to oscillate despite the temperature control, because when H = 0 there are still some remaining magnetic fluxes inside. To indicate how the temperature oscillates with the current, an I-∆T (∆T = T -2 K) curve is presented at the bottom of change (∆T = T-2). Figure 5 represents that the voltage (V) and ∆T versus time (t) curves, which were successively measured at 2 K, with a current I = 50 nA at the absence of a magnetic field (H = 0). The measurement method is shown as Fig. 4 . The V-t and ∆T-t curves oscillate like a music score, and the big oscillation amplitude is 0.16 mV. The resistance, V/I, does not follow Ohmic and single tunneling electron behavior and the voltage jumps with T, which indeed exhibits a quantum effect.
In Fig. 2 , T c is observed to be 10.2 K, and in Fig.  3 , the maximum resistance temperature is 2.8 K. In superconductors, the free energy, which corresponds to the condensation energy, equals E ∝ (T c -T)
2 [22] . For the supercurrent through TaC/C/TaC tunneling junctions, the temperature difference needs to be at least over T c -T ≈ 10.2K -2.8 K = 7.4K to overcome the barriers between TaC and graphite.
The supercurrent, the electric Ohmic current, the single-electron tunneling current, and their corresponding voltages coexist. To explain the oscillations, all TaC nanocapsules are assumed to be isolated from each other. The TaC(C) nanocapsules are pressed into a specimen, which forms a three-dimensional granular framework composed of TaC/C/TaC tunneling junctions. We assume the number of tunnel junctions in the pellet to be equal to n and use the equivalent lumped circuit model [23, 24] for the experiments.
For the i th tunneling junction, the total current I i is composed of the supercurrent, the electric Ohmic cur- rent, and the single-electron tunneling current. The total current measured in the I-V curves is
In the system for the equivalent model, the i th tunneling junction may be written as follows [2] :
where ω i is the frequency of the emitted photon when a Cooper pair is tunneling through the i th TaC/C/TaC tunneling junction; V si is the non-zero potential difference between the two sides of the i th junction (see Fig.  6 ). Then:
where V s is the voltage barrier that must be surmounted for Cooper pairs to cross the junctions and emit photons. There are involved the special rules for the interfering amplitudes for the Cooper pairs and electrons that occur in the processes. The amplitude for the Bose particles is the sum of the two interfering amplitudes, and for the Fermi ones it is minus. When measured the I-V curves some Cooper pairs are interference. For the states with Bose particles, the probability in the Bose case is larger than that of the particles acted independently [22, 25] . When the tunneling effects take place, the probability amplitudes of Cooper pairs in graphite abruptly increase and give rise to the emission of photons and consequently, the temperature jumps up; increasing the resistance of graphite. Then the supercurrent stops and the number of Copper pairs is quickly decreased, which are transformed to single electrons. Subsequently, the temperature begins to drop down. With decreasing the temperature of the system, the number of Cooper pairs is gradually increased, and the resistance of graphite decreases until the next cycle. The probability amplitudes of Copper pairs also are a function of the time (See Fig. 5 ) and exhibited quantum indeterminacy. In fact, there is a competitive mechanism between the junction barrier and the free energy of the superconducting carriers in the TaC nanograins. A phase transition occurs during the supercurrent goes through the junctions, where a boson (Cooper pair) transforms into two fermions (electrons), and this process stimulates the emission of a photon. After photons are emitted, the temperature of the TaC/C/TaC nanocapsules rises abruptly; the voltage then jumps, and the supercurrent stops because the resistance has been quickly risen (See Fig. 3 from 2 K to 2.8 K). The probability amplitudes of Cooper pairs are driven by the particle statistics of Cooper pairs, in which the thermodynamic observable has an abrupt change, leading to a jump of voltage, a quantum behavior [22, 25] . The graphite barrier is a Mott insulator with a metal-insulator transition. As the temperature gradually decreases, the barrier is reduced. However, in nanoTaC grain superconductors the free energy is increased as the temperature falls. The barrier is decreased and the free energy is increased, until the free energy overcomes the barrier, and the another cycle begins again. The temperature and the voltage are gradually reduced, which is driven by electron interactions. The Mott metalinsulator transition of the graphite shells promotes oscillations, as is shown in Fig. 6 . Therefore, the tunneling mechanisms of the Cooper pairs in the non-ideal type-superconductor TaC and the Mott metal-insulator transition in graphite would be responsible for the voltage and temperature oscillations in the nanocapsules. As shown in Fig. 4 , while this occurs, V s = n i=1 V si = 90 mV. The combined voltage of the Ohmic part and the single-electron tunneling part is 164 mV.
In summary, oscillations in voltage and temperature have been observed in TaC(C) nanocapsules. The Josephson intermittent effect occurs in a non-equilibrium system of (. . .TaC/(C)/TaC. . .) tunneling junctions, with a function of the time. The mechanism is that the supercurrents go through the Josephson junctions and emit photons with the feedback resistance,temperature change of the TaC(C) junctions.
